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PROTOTYPE OVERLAND FLOW
TEST DATA: JUNE 1977-MAY 1978

by

T. F. Jenkins, H. E. Hare, H. L. McKim, A. J. Palazzo, R. E. Bates
C. J. Martel, I. K. Iskandar, D. J. Fisk, D. A. Gaskin,

P. W. Schumacher, J. J. Bayer, S. T. Quarry, J. E. Ingersoll,
L. D. Jones, and J. M. Graham

INTRODUCTION

It has been well-established that overland flow land treatment is
a cost-effective method of removing nitrogen, oxygen-demanding substances,
and suspended matter in warm areas of the United States and in Australia
(EPA 1977). However, the effectiveness of this type of system in a
region of seasonal cold has never been documented. In addition, the
degree of preapplication treatment and disinfection, if any, necessry
before wastewater is applied to the soil in this mode of land treatment
is unclear.

This study was conducted to provide criteria to enable assessment
of overland flow land treatment for use in colder areas of the United
States. The specific goals were as follows:

1. To obtain criteria to predict nitrogen, BOD, and suspended
solids treatment as a function of ambient temperature.

2. To determine whether preapplication treatment beyond primary
treatment was effective in improving product water quality.

3. To document the degree of phosphorus treatment achievable by
overland flow.

During the course of this study, wastewater containing a very high
concentration of ammonium (>200 mg/liter) was inadvertently applied to
the treatment sites in October 1977. We took advantage of this circumstance
so that an additional objective of the study became the determination of the
nitrification rate under these conditions. To do so, soil samples were
collected at various locations on the site on a number of sequential
days, and analyzed for exchangeable ammonium and soluble nitrate. These
results will be used in nitrogen modeling studies currently underway at
CRREL.

The major results of this study have been presented elsewhere
(Jenkins and Martel 1978, Jenkins et al. 1978, Martel et al. 1979).
This data report is being provided to enable members of the CRREL group
and others to analyze these data in an alternative fashion. It will
hopefully be useful for validation of mathematical models for prediction
of runoff water quality. These models are currently in preparation at
CRREL and elsewhere.



DESCRIPTION OF EXPERIMENT

A pilot scale overland flow system (Fig. 1) was constructed at
CRREL in Hanover, New Hampshire in 1976. The Hartland silt loam used in
constructing the system was compacted to ensure that permeability would
be < 0.1 in./hr. The initial characteristics of the pilot scale system
are summarized in Table 1. A more detailed description is available in
Jenkins et al. (1978), Jenkins and Martel (1978), and Martel et al.
(1979).

The 8.8-m-wide slope was divided into three equal test sections.
From 17 May 1977 through 26 May 1978, primary and secondary wastewaters
(Iskandar et al. 1976) were applied individually to two of these sections.
Tapwater was applied to the third section from 17 May 1977 through 6
January 1978 to act as a control. The wastewater was applied from
perforated pipe at a rate of 1.25 cm/day (0.25 cm/hr) four or five days
per week.

The amount of water applied (in gallons) and the various parameters
of the primary wastewater measured on a daily basis (individual analyses)
are presented in Table 2*. All values listed are given in milligrams/
liter except as follows: pH - pH units, COND - pmhos/cm, and CF(F) -
number of fecal coliforms per 100 ml. The following non-standard abbreviations
are used: N(K) - Kjeldahl nitrogen, TSS - total suspended solids, VSS -

volatile suspended solids, and COND - specific conductance.

The quantity and quality of runoff from the primary test section
are presented on a daily basis in Table 3. The units for these parameters
are identical to those used for the applied wastewater in Table 2.
Table 4 presents the quantity and quality of wastewater passing through
the 15-cm soil profile for the primary section, and collected separately
as system percolate.

In a similar manner, Tables 5, 6 and 7 present individual results
for wastewater applied, runoff and percolate, respectively, for the
secondary wastewater section**. The units are identical to those for
the primary section. Tables 8, 9 and 10 likewise present the quantity
and quality of tapwater, runoff and percolate from the control section.

Surface water samples were collected periodically from three points
on the slope: 3, 15 and 28 m downslope from the application point.
Analysis of these samples is presented in Tables 11, 12, and 13 for the
primary, secondary and control sections, respectively.

* A value of "-1.0" in Tables 2-10 indicates that no analysis was per-

for that parameter.

** At the end of the study, several small leaks were located at the base

of the primary and secondary test sections. Therefore, the runoff
water volumes shown in Tables 2-10 are lower than actual. Since the
leaks were mainly at the base of each section, the concentration
measurements should be representative.
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Measurement of these water quality parameters was obtained by
procedures reported in detail elsewhere (Martel et al. 1979, Jenkins et
al. in prep. and Iskandar et al. 1976). A summary of the methods used
is presented in Table 14 and a diagram of the sample handling procedures
is presented in Figure 2. The precision and accuracy of these test
procedures is described in detail in Jenkins et al. (in prep.).

Tabulations of the meteorological data collected in conjunction
with this project are presented on a monthly basis in Table 15a-1
(June 1977-May 1978). This data set includes air temperature, relative
humidity, wind speed and direction, precipitation, pan evaporation, and
daily mean soil temperature. Measurements of evaporation were not made
during winter months and were assumed to be small compared to summer pan
evaporation.

Plant yields produced over this period on the three test sections
are presented in Table 16. These data are presented for each of the
three harvests, July 1977, September 1977, and June 1978. Plant tissue
analyses were obtained commercially and are presented in Table 17.
Plant uptake of nitrogen and phosphorus for each harvest was obtained by
multiplying the dry weight of plant material produced (Table 16) by the
percentage of that element in the crop (Table 17). These uptake values
and a yearly total are presented in Table 18.

Soil samples were collected (Fig. 3) on three dates in October
1977, once during November and December 1977 and again in April 1978.
The soils were analyzed for moisture content, certain soluble and
exchangeable cations, and soluble nitrate. The data are presented in
Tables 19, 20 and 21 for the primary, secondary and tapwater section,
respectively. The methods used for analysis are presented below.

SOIL PHYSICAL AND CHEMICAL ANALYSIS METHODS

Soil Moisture

The soil moisture content was determined gravimetrically (g/g) by
obtaining the weight loss of a known weight of wet soil after drying at
105*C for 24 hours.

Soil pH

Soil pH was determined by the following method: 5 g of dry soil
and 25 ml of deionized water were placed in a centrifuge tube, shaken
for one hour, centrifuged for 15 minutes and measured to the nearest 0.1
pH unit with a Markson 1808 combined electrode.

Soluble and Exchangeable NH 4 and Soluble NO43

Soluble and exchangeable ammonium and soluble nitrate were obtained
as follows. Five grams of sieved (2 mm) dry soil and 25 ml of deionized

3
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Figure 3. Location of sites for soil chemical sampling

water were added to centrifuge tubes. The tubes were shaken for one

hour, centrifuged for 15 minutes and the supernatant decanted carefully.
This solution was analyzed for soluble ammonium and nitrate using a
Technicon Auto Analyzer II (Jenkins et al. in prep.). The soil was then
washed with two additional portions of deionized water, shaken for an

hour, centrifuged and these supernatants discarded. Since the soil

retained 2.5 ml of water after decanting, 22.5 ml of 1 N (1 normal) KCl was

then added to each tube (to obtain a total volume of 25 ml) and the

tubes shaken for two hours. The tubes were then centrifuged for 15

minutes and the resulting supernatant poured off and analyzed for

exchangeable ammonium as above.

Cation Exchange Capacity

The soil cation exchange capacity was determined as follows. Five
grams of sieved dry soil and 25 ml of 1 N ammonium acetate solution were

added to a centrifuge tube. The tube was shaken for two hours and

centrifuged for 30 minutes. The supernatant was poured off and the soil

was washed with several portions of deionized water. The tubes were
shaken and centrifuged between washings and the supernatants discarded.

As described above, 22.5 ml of 1 N KCl was then added to the centrifuge

tubes and the tubes were shaken for two hours. The tubes were then

centrifuged for 30 minutes and the resulting supernatant poured off and
analyzed for ammonium as above. The milliequivalents of ammonium obtained
represent the cation exchange capacity of the soil.

5



Soluble and Exchangeable Ca ++, Mg Na+ ane K-.

The soluble and exchangeable Ca , Mg , Na , and K were analyzed

in a manner similar to the method used for soluble and exchangeable
ammonium reported earlier. A 1 N ammonium acetate solution was sub-
stituted for the 1 N KCl used for ammonium determination and the analysis
was obtained on a Perkin Elmer 303 Atomic Absorption Spectrophotometer
as described in Iskandar et al. (1979).

Bulk Density

The bulk density (yd) of the soil was measured through three

sections from samples collected at locations indicated in Figure 4 using
standard sampling techniques. A cylinder 5.3 cm in diameter X 3.0 cm
in depth was inserted int§ the soil. The sample plus core was first
weighed when wet and then after oven drying. The dry weight was divided
by the known volume which gave the oven dry bulk density. The samples
were taken at two depths, 0-7.5 cm and 7.5-15 cm, and downslope at distances

of 3, 12 and 21 m (Fig. 4). The data are shown in Table 22 on a dry
weight basis.

The volumetric moisture content was also obtained for each sample
using the following equation: V w yd • % water by weight. The resultsw
are shown in Table 22. The average bulk density of the test area was
1.4 g/cm

Texture

The locations of samples used for particle size analysis are shown

in Figure 4, and the particle size distributions are shown in Figures 5,
6 and 7. The particle size analyses, determined according to standard
method ASTM D422, for the sand, silt and clay separate sizes are reported
in Table 23.

Moisture Characterization Curves

Moisture characteristic curves for the soils were determined on
remolded (Fig. 8) and undisturbed (Fig. 9) samples of the Hartland silt
using volume pressure plate extractors and Tempe Cells, respectively. The
data on volumetric moisture content vs tension on remolded soil samples
from the primary, secondary and tapwater sections are shown in Figure
8. As expected, the drying and wetting curves are not the same. The
remolded samples showed a pronounced hysteresis effect.

The method employed using Tempe Cells is described by Ingersoll
(1976) and the volumetric pressure plate method by Miller and Elrick
(1958). Only the drying curve can be obtained using the Tempe Cell.
Two determinations were made on each of the three test sections (Fig.
9. The locations where the samples were taken are shown in Figure 4.
Included on each graph is the bulk density (yd), specific gravity (G )
and porosity (n) for soil sample.

6
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An interpretive report, discussing many of the results presented
here, is in preparation (Martel et al. 1979). A summary of many of the
most significant findings has been presented in Jenkins et al. (1978)
and Jenkins and Martel (1978).
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Table 1

Initial Characteristics of Overland Flow Site

Location - Hanover, NH
Latitude - 43043'N
Aspect - South-Southwest
Prevailing winds - West-Northwest
Mean annual temperature - 70C

Mean precipitation - 95 cm/yr
Mean snowfall - 185 cm/yr
Slope - 5%
Slope length - 30.5 m
Slope width - 8.8 m (three 2.9 m test sections)
Soil type - Hartland silt loam
Soil bulk density - 1.4 g/cm3

Soil specific gravity - 2.7
Soil pH - 7.1
Soil CEC - 5 meq/100 g
Soil depth - 15 cm (underlain by 1 mm rubber liner)
Vegetation - Forage grass mixture

Orchard grass

Tall fescue
Perennial ryegrass

Application rate - 1.25 cm/day
Retention time of water

on slope - 45 min*

Particle size distribution (USDA classification scheme)
Sand (>50p) - 38%
Silt (50u-20) - 39%
Silt (20P- 2 ) - 21%

Clay (<2) - 2%

* Under steady state conditions.
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Table lla

Analysis of Surface Water Samples from the Primary rest Section

Nitrate Ammonium Total Kjeldahl Nitrogen
Distance Downslope Distance Downslope Distance Downslope

Date 3m. 15m. 28m. 3m. 15m. 28m. 3m. 15m. 28m.

1977
30 August 0.3 1.1 0.3 22.3 15.6 1.0

15 Sept 0.4 9-3 2.6 29.2 18.4 5.6 33.8 22.3 8.6
29 Sept 2.1 0.7 6.6 23.5 15.7 1.2 24.7 16.7 2.2
5 Oct 0.6 1.1 0.8 25.6 18.8 5.5 29.0 21.3 7.7

13 Oct 0.1 >10 6.4 92.2 60.7 3.4 >50 >50 4.3
21 Oct am 4.7 8.6 13.4 1.4 0.1 0

21 Oct pm 2.2 4.6 6.2 0.5 0.2 0
27 Oct 1.0 2.1 2.9 25.8 23.3 7.6

3 Nov 1.2 3.1 2.6 27.4 19.2 3.2
7 Nov 0.6 0.8 1.9 32.8 26.2 7.2

9 Nov 1.6 3.1 2.9 32.9 27.2 11.9
16 Nov 2.3 3.3 3.9 35.4 32.0 18.3
18 Nov 0.8 2.0 2.2 32 3 25.8 13.7
21 Nov 0.5 1.8 2.2 34.2 28.8 17.2
28 Nov 0.9 1.9 2.2 31.5 22.7 13.6

1978
27 April 0.8 0.9 2.1 27.2 29.9 23.1
3 May 0.4 0.5 2.1 27.7 27.2 19.0

12 May 0.9 0.9 1.8 32.2 27.0 21.3
19 May 0.4 0.9 1.8 32.0 20.6 21.8
26 May 0.1 0.9 1.3 36.0 22.7 25.1
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Table llb
Analysis of Surface Water Samples

from the Primary Test Section

Total Phosphorus Chloride Nitrite

Date Distance Downslope Distance Downslope Distance Downslope
1977 3m. 15m. 28m. 3m. 15m. 28m. 3m. 15m. 28m.

15 Sept 4.5 3.7 2.6 29.1 29.3 32.6
29 Sept 4.3 3.6 1.9 27.1 26.1 24.4
5 Oct 4.8 4.2 2.9 33.8 29.6 27.9
13 Oct 6.8 5.1 1.8 29.8 28.9 22.5
27 Oct 34.1 33.5 31.4 0.1 0.2 0.2
3 Nov
7 Nov 8.4 7.1 4.5 33.3 32.8 29.9
9 Nov 7.3 5.7 4.2
16 Nov 6.1 4.8 4.2
18 Nov 6.7 5.5 4.1 48.9 44.4 41.9 0.1 0.1 0.0
21 Nov 8.3 6.7 5.6 30.9 38.7 38.1 0.0 0.0 0.0
28 Nov 37.2 33.2 32.1 0.1 0.0 0.0

1978
27 April 34.2 33.4 33.0
3 May 32.9 32.7 32.4

19 May 31.8 28.1 28.4
26 May 33.4 29.4 31.0
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Table 12a
Analysis of Surface Water Samples
From the Secondary Test Section

Nitrate Ammonium Total Kieldahl Nitrogen
Date Distance Downslope Distance Downslope Distance Downslope
1977 3m. 15m. 28m. 3m. 15m. 28m. 3m. 15m. 28m.

30 Aug 10.5 10.8 4.1 6.3 3.0 0.0
15 Sept 8.7 11.0 1.0 10.0 2.1 0.0 12.0 3.6 1.5
29 Sept 7.5 6.1 0.0 8.8 5.6 0.6 10.4 6.7 1.5
5 Oct 3.3 3.8 3.9 19.5 12.2 5.5 21.3 13.7 6.9

13 Oct 23.6 20.4 12.2 11.0 3.8 1.6 12.9 5.9 3.1
21 Oct am 0.8 1.1 0.9 0.4 0.0 0.0
21 Oct pm 0.5 0.4 0.3 0.2 0.0 0.0
27 Oct 3.2 3.3 3.9 23.8 23.2 14.4
2 Nov 11.3 13.8 13.7 26.0 16.7 6.5
7 Nov 6.4 8.5 9.1 29.2 23.2 16.4
9 Nov 23.6 24.4 22.3 31.0 23.6 8.2

16 Nov 12.3 15.8 17.7 28.4 18.7 14.1
18 Nov 5.2 7.6 7.6 28.1 22.1 12.3
21 Nov 4.3 6.6 6.6 31.9 26.6 16.1
28 Nov 3.1 4.2 3.0 26.9 22.4 8.9

1978
27 April 2.2 1.3 10.8 30.4 10.3 12.3
3 May 4.2 6.2 9.0 26.0 22.6 12.6

26 May 2.7 5.3 6.8 36.0 25.5 18.9
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Table 12b
Analysis of Surface Water Samples
from the Secondary Test Section

Total Phosphorus Chloride Nitrite

Date Distance Downslope Distance Downslope Distance Downslope
1977 3m. 15m 28m. 3m. 15m. 28m. 3m. 15m. 28m.

15 Sept 4.5 3.7 2.6 29.4 29.4 35.3
29 Sept 4.3 3.6 1.9 27.6 25.3 27.0

5 Oct 4.8 4.2 2.9 30.8 29.3 29.0
13 Oct 6.8 5.1 1.8 29.7 29.0 27.8
27 Oct 34.4 34.7 33.3 0.5 0.5 0.6
2 Nov 33.8 33.7 32.5 0.9 0.7 0.7
7 Nov 6.1 5.7 4.8 33.3 32.5 31.8
9 Nov 5.8 5.4 4.1

16 Nov 5.9 5.0 1.4
18 Nov 6.0 5.5 4.4 39.3 38.9 37.6 0.2 0.2 0.4
21 Nov 7.2 6.9 4.9 41.4 41.2 40.1 0.0 0.0 0.2
28 Nov 35.6 36.1 33.3 0.2 0.1 0.0

1978
27 April 33.5 33.6 33.4
3 May 31.8 32.1 31.6

26 May 30.7 29.7 29.4
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Table 13a
Analysis of Surface Water Samples

from the Control Test Section

Nitrate Ammonium Total Kjeldahl Nitrogen
Date Distance Downslope Distance Downslope Distance Downslope
1977 3m. 15m. 28.. 3m. 15m. 28.. 3m. 15m. 28m.

30 Aug 0.0 0.0 0.0 0.0 0.0 0.0
15 Sept 0.1 0.0 0.0 0.1 0.1 0.0 0.1 0.3 0.5
29 Sept 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.4
5 Oct 0.0 0.0 0.0 0.2 0.2 0.1 0.6 0.4 0.8
13 Oct 0.0 0.0 0.0 0.1 0.0 0.0 0.4 0.4 0.4
21 Oct am
21 Oct pm
27 Oct 0.0 0.0 0.0 0.1 0.2 0.2
2 Nov 0.0 0.0 0.0 0.1 0.0 0.0
7 Nov 0.0 0.0 0.0 0.0 0.1 0.0
9 Nov 0.0 0.0 0.0 0.1 0.1 0.1
16 Nov 0.0 0.0 0.0 0.0 0.0 0.0
18 Nov 0.0 0.0 0.0 0.0 0.0 0.2
21 Nov 0.0 0.0 0.0 0.1 0.0 0.0
28 Nov 0.0 0.0 0.0 0.0 0.0 0.0

56



Table 13b
Analysis of Surface Water Samples

from the Control Test Section

Total Phosphorus Chloride Nitrite
Date Distance Downslope Distance Downslope Distance Downslope
1977 3m. 15m. 28m. 3m. 15m. 28m. 3m. 15m. 28m.

15 Sept 0.1 0.1 0.3 4.8 4.5 5.6
29 Sept 0.3 0.1 0.0 7.3 7.5 7.9
5 Oct 0.3 0.2 0.1 7.1 7.3 8.3
13 Oct 0.5 0.3 0.1 7.6 7.8 9.3
27 Oct 7.1 8.0 10.9 0.0 0.0 0.0
2 Nov 6.2 7.0 7.5 0.0 0.0 0.0
7 Nov 0.5 0.3 0.4 7.1 8.7 9.8
9 Nov 0.3 0.4 0.3

16 Nov 0.6 0.4 1.7
18 Nov 0.3 0.5 0.5 7.0 7.9 9.9 0.0 0.0 0.0
21 Nov 0.0 0.2 0.5 6.7 7.2 7.8 0.1 0.1 0.1
28 Nov 6.1 6.1 7.6 0.1 0.1 0.1
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Table 16
Yields of Plant Material From

Individual Harvests
(June 1977-June 1978)

Harvest Date

Test Area July 1977 September 1977 June 1978 Total

----------- kg/ha---------

Primary Section 1763 1983 3612 7358

Secondary Section 1596 1855 2947 6398

Control Section 547 580 259 1386
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Table 17

Percent N and P in Individual Harvests

Harvest Date

Test Area July 1977 September 1977 June 1978

Primary Section 2.60 3.07 3.26

Secondary Section 3.14 2.25 2.86

Control Section 2.53 2.39 3.07

---- --- -%P ------. ...

Primary Section 0.41 0.42 0.52

Secondary Section 0.45 0.43 0.50

Control Section 0.37 0.35 0.41
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Table 18
Nitrogen and Phosphorus Uptake by Vegetation

Harvest Date

Test Area July 1977 September 1977 June 1978 Total

----------- Nitrogen (kg/ha)---------

Primary Section 46 61 117 224

Secondary Section 50 42 84 176

Control Section 14 14 8 36

--- Phosphorus (kg/ha)---------

Primary Section 7.2 8.3 18.8 34.3

Secondary Section 7.2 8.0 14.7 29.9

Control Section 2.0 2.0 1.1 5.1
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Table 22

Bulk Density and Volumetric Moisture Content

Bulk Density (yd) Volumetric Moisture
g/cc Content (%)

Section Depth / Cnetm
(cm) Distance Downslope (-m) Distance Downslope (m)

3 12 21 3 12 21

Primary 0-7.5 1.37 1.38 1.38 46.6 45.6 47.3

7.5-15 1.37 1.43 1.36 45.2 45.6 47.3

2 0-7.5 1.38 1.27 1.37 46.5 49.8 46.1

7.5-15 1.46 1.46 1.44 42.9 44.6 43.4

3 0-7.5 1.38 1.41 1.20 45.5 45.9 50.0

7.5-15 1.38 1.50 1.42 42.9 42.2 45.0

Table 23

Particle size analysis for the Three Prototypes

Section Particle Size Distribution Analysis
# % (USDA Classification)

Sand Silt Clay
>50P 50 P-20u 20p-2y <2p

Primary 36 38 24 2

Secondary 40 38 20 2

Tapwater 37 42 20 1
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